Heart failure is difficult to manage and increasingly common with many individuals experiencing frequent hospitalizations. Little is known about patient factors consistently associated with hospital readmission. A literature review was conducted to identify heart failure patient characteristics, measured before discharge, that contribute to variation in hospital readmission rates. Database searches yielded 950 potential articles, of which 34 studies met inclusion criteria. Patient characteristics generally have a very modest effect on all-cause or heart failure-related readmission within 7 to 180 days of index hospital discharge. A range of cardiac diseases and other comorbidities only minimally increase readmission rates. No single patient characteristic stands out as a key contributor across multiple studies underscoring the challenge of developing successful interventions to reduce readmissions. Interventions may need to be general in design with the specific intervention depending on each patient's unique clinical profile.
Introduction
Heart failure (HF) is difficult for patients, caregivers, and their clinicians to manage and increasingly common in our aging population. It is estimated that 5.7 million Americans aged 20 years or older suffer from HF with a 46% increase expected by 2030 (Mozaffarian et al., 2015) . Unlike other cardiovascular conditions, HF is the end stage of a cardiac disease. It most often is the consequence of hypertension, coronary heart disease, valve deformity, diabetes, or cardiomyopathy. Hospital discharges with a primary diagnosis of HF rose from 877,000 in 1996 to 1,023,000 in 2010 (Mozaffarian et al., 2015) . One in nine deaths has HF referenced on the death certificate and approximately 50% of those diagnosed with HF will die within 5 years (Mozaffarian et al., 2015) . The estimated total cost of HF in the United States exceeded $30 billion in 2012 and is projected to $70 billion by 2030 (Mozaffarian et al., 2015) .
Reducing HF patient readmission rates is a national priority. Currently, roughly 25% of HF patients are readmitted to a hospital within 30 days of discharge (Krumholz et al., 2009) . To address the high readmission rate among Medicare beneficiaries, the Centers for Medicare and Medicaid Services (CMS) implemented the Hospital Readmissions Reduction Program on October 1, 2012. Among other policies, it reduces payment to hospitals with excess Medicare beneficiary 30-day readmissions for HF (Medicare Payment and Advisory Commission, 2013) . Private efforts to reduce high readmission rates also are underway including the American College of Cardiology and Quality Improvement for Institutions "Hospital to Home (H2H)" project. One of its aimsthrough dissemination of best practices, tools and other strategies-is to reduce allcause readmission rates for HF patients by 20% (Hospital to Home, 2013) .
The Agency for Healthcare Research and Quality recently published a comprehensive review of interventions designed to reduce 30-day readmission and mortality rates for patients hospitalized with HF. Home-visiting programs and multidisciplinary HF clinics reduced all-cause readmission while "structured" telephone support reduced HF-specific readmission (Feltner et al., 2014a (Feltner et al., , 2014b . A critical remaining issue, however, concerns what works best for different types of patients. The Affordable Care Act provided substantial funding for patient centered outcomes research to generate better evidence on differences among individuals in their response to medical care (Patient-Centered Outcomes Research Institute, 2014) . Such research, however, is in its infancy with basic information still needed on variation in HF patient rate of readmission to inform the development of the next generation of more targeted and efficient patient-centered interventions.
New Contribution
The objective of this literature review is to identify HF patient characteristics contributing to variation in hospital readmission rates. We focus on (1) patient characteristics measured prior to hospital discharge that can be used to inform clinical decisions about postacute care, (2) readmission as a distinct outcome since patient characteristics affecting mortality (or other outcomes combined with readmission) may differ, and (3) studies with a relatively short time horizon for readmission (i.e., a maximum of 6 months) since the impact of many baseline patient characteristics is likely to attenuate over time. We exclude intervention studies because they introduce new care practices that could alter the effect of patient characteristics on readmission, often provide only limited information about patient characteristics included in models of intervention effects, and have been recently and comprehensively reviewed. The research questions addressed are 1. What individual characteristics are consistently associated with higher or lower rates of readmission? 2. What do the findings suggest for targeting interventions to different types of patients? 3. What are the major gaps in knowledge about patient characteristics affecting readmission?
Conceptual Framework
The conceptual framework for our analyses is based on the behavioral model of health services use developed by Andersen and colleagues which is now ubiquitous in health services research (Andersen, 2008; Andersen & Davidson, 2007; Andersen & Newman, 1973) . Contextual and individual characteristics as well as health behaviors are assumed to affect multiple dimensions of care access in this common framework for modeling the use of acute, postacute, and long-term care. Contextual factors include demographic and social characteristics at the community level that may predispose individuals to use health services; health policies, financing and organizational characteristics (including supply of services and provider characteristics) that can enable use; and need characteristics such as community health indicators of disease prevalence and mortality rates. Individual factors also include predisposing (e.g., gender, age, health beliefs), enabling (e.g., income level, means of transportation, regular source of care), and need characteristics (perceived and evaluated). There are three types of health behaviors: personal health practices (e.g., diet, use of tobacco), medical care processes, and use of health services. In a relatively recent update of the model, health status outcomes were added to indicate that care outcomes can influence, through feedback loops, contextual and individual factors in addition to health behavior (Andersen, 2008) .
Our review concerns what Andersen and colleagues refer to as "realized access" (i.e., the actual use of health services). They hypothesize that the influence of predisposing, enabling, and need factors will vary by type of health service used with hospital stays primarily explained by need and demographic characteristics (Anderson & Davidson, 2007) . These two types of characteristics are contextual and individual factors in the Andersen framework depending on level of aggregation. Empirical analyses, however, support a focus on individual characteristics. Madigan et al. (2012) , for example, examined the association of a range of individual, community, and provider-level measures on the readmission of HF patients and concluded that practice and policy interventions to reduce readmissions should focus on patient characteristics since they were almost exclusively the contributors to readmissions. We focus, therefore, on the individual determinants in the Andersen framework (i.e., predisposing, enabling, and need factors) as well as personal health practices measured at the individual level.
Method

Data Sources and Searches
The PubMed, CINAHL, and Cochrane databases were searched for relevant Englishlanguage studies published between January 1992 and September 2014. The search strategy consisted of medical subject health (MeSH) terms related to heart failure, patient readmission, and hospitalization. We used either the MeSH terms or the following equivalent terms to search each of the three databases: (["Heart Failure" OR "Cardiac Failure" OR "Congestive Heart Failure" OR "Heart Decompensation" OR "Heart Failure, Congestive" OR "Heart Failure, Left-Sided" OR "Heart Failure, Right Sided" OR "Left-Sided Heart Failure" OR "Myocardial Failure" OR "Right-Sided Heart Failure"] AND ["Patient Readmission" OR "Hospital Readmission" OR "Hospital Readmissions" OR "Readmission, Hospital" OR "Readmissions, Hospital"] AND ["Hospitalization"]). This process yielded 950 potentially relevant articles.
Study Selection
The systematic search of the literature identified a total of 950 abstracts. Each was reviewed by one of nine reviewers (MO, CM, SS, YB, KB, TP, CZ, PF, CT) to determine whether the study satisfied four initial criteria: (1) written in English; (2) published after January 1, 1992; (3) reported the frequency of hospital readmission within a defined follow-up period for adults hospitalized for HF; and (4) identified statistically significant patient risk factors for readmission measured prior to index hospital stay discharge. A total of 610 studies did not meet all four criteria and 145 required full-article review due to incomplete abstract information. We elected to retain articles on HF patients treated in countries other than the United States since the patient-level factors of interest should have a consistent positive or negative effect on readmission regardless of setting. That said, differences in financing, cultural circumstances, and access to health care may affect the rate of readmission and magnitude of the effect of patient characteristics on readmission.
Screening
We excluded studies examining only postacute mortality or a combined outcome of readmission and mortality. (The latter often were identified only after full-article review.) Studies that had a primary combined outcome were included if they also examined hospital readmission as a distinct outcome. Eligibility for inclusion was further narrowed to studies that reported outcomes within 6 months of the index hospital discharge since the value of many patient characteristics can change over time limiting inferences about their effect on readmission when there is a long follow-up period. All full-length articles (145) were reviewed by two reviewers to determine final eligibility for inclusion in our literature review. Of the 145 fullarticle reviews, 111 were excluded for the following reasons: a combined outcome (17), follow-up longer than 6 months (63), or no patient-level predictors measured before hospital discharge were reported (31). Four reviewers (MO, CM, SS, and YB) discussed a small number of articles where eligibility was still uncertain and arrived at consensus (Figure 1 ). 
Results
Only 34 studies met all eligibility criteria and are included in the table of evidence. We abstracted data on key study characteristics including study design (retrospective or prospective), sample characteristics, length of follow-up after index hospital stay discharge, types of readmissions analyzed, statistical methods, and findings. Sample and methods information were used to classify studies into three broad statistical analysis quality groups: (1) low (studies reporting only bivariate associations); (2) medium (studies using multivariate methods but the sample size is <100, which limits the number of patient characteristics that can be examined simultaneously, or multifacility studies that do not report adjusting for clustering); and (3) high (studies with 100+ sample size using multivariate methods with multifacility studies adjusting for clustering).
Of the 34 articles reviewed, 29 were retrospective and 5 were prospective with 27 studies conducted in the United States. Other countries included Canada (Eastwood et al., 2014; Habal et al., 2014; Lee et al., 2004) , France (Logeart et al., 2004) , South Korea (Song, Lennie, & Moser, 2009 ), Switzerland (Kossovsky et al., 2000) , and Thailand (Jenghua & Jedsadayanmata, 2011) .
Overall, the majority of studies (20) analyzed data from multiple facilities. Care occurred between 1989 (Roe-Prior, 2004) and 2012 (Eastwood et al., 2014) with one study not reporting the study time period (Logeart et al., 2004) . The sources of data included: hospital records (18), hospital records in addition to a follow-up phone interview with the patient or mailed survey (3), CMS-owned data (8), Healthcare Cost and Utilization Project data (1), Veteran's Affairs (VA) data (2), and Canadian Institute for Health Information data (1). In addition, one study separately examined CMS-owned data and hospital record data and then compared the results (Keenan et al., 2008) .
While the populations studied included patients initially hospitalized for HF, many studies narrowed the population further by, for example, excluding those below a minimum age (e.g., 65 years) or who died during the follow-up period. Sample sizes varied greatly among studies ranging from 44 (Howie-Esquivel & Dracup, 2008) to 1,346,768 subjects (Joynt, Orav, & Jha, 2011) , with 44% of the studies having less than 1,000 subjects. Mean age among study subjects also varied widely from a low of 55 years (Allen, Smoyer-Tomic, Smith, Wilson, & Agodoa, 2012; Kollipara et al., 2008) to a high of 81 years . In general, the mean age of patients in retrospective studies was older than in prospective studies reflecting differences in populations studied (e.g., Medicare beneficiaries vs. all HF patients admitted to a facility) and exclusion criteria. Most studies (22) were classified into the high-quality statistical analysis group while 7 were classified as medium quality and 5 low quality (Table 1) .
Readmission Rate
The length of follow-up and types of readmissions analyzed varied across studies. The length of follow-up was approximately 30 days in 21 studies, 90 days in five studies, and 180 days in five studies. Two studies measured readmission at both 30 and 90 days (Lee et al., 2004; Uthamalingam, Gurm, Daley, Flynn, & Capodilupo, 2011) and another study measured readmission at both 7 and 30 days (Eastwood et al., 2014) . The most common outcome measure was 30-day all-cause hospital readmission (see Table 2 for readmission rate findings).
Patient Characteristics Associated With Hospital Readmission
The results are organized by the broad types of individual risk factors identified in the conceptual framework including predisposing, enabling, and need factors as well as health behaviors. With the exception of sociodemographic factors, the direction of the effect of each type of patient characteristic on readmission tends to be very consistent (Table 3) . Mixed results are noted in the text.
Individual Predisposing Factors: Sociodemographics and Health
Beliefs. There is inconsistency in the direction of the effect of gender on readmission although all but one highquality study found men more likely to be readmitted than women where gender was statistically significant (p ≤ .05). Age also had an inconsistent effect on readmission even among high-quality studies. This appears to be partly due to differences in the average age and age range of persons studied as well as to whether age was analyzed as a continuous or categorical variable. Very large effects only were reported in a Swiss study where HF patients aged 65 to 79 years and 80+ were much more likely to be readmitted than those younger than 65 years with adjusted odds ratios of 3.3 and 4.1, respectively, for 31-day all-cause readmission (Kossovsky et al., 2000) . Readmission is higher among Blacks McHugh, Brooks Carthon, & Kang, 2010) , non-Whites as a group (Howie-Esquivel & Dracup, 2007) , and Hispanics (Rodriguez, Joynt, Lopez, Saldana, & Jha, 2011) , relative to others, but effect sizes are very small in the high-quality studies (i.e., close to 1.0). Few statistically significant social network factors are reported although single patients and those with an increased number of address changes had higher risks of readmissionadjusted odds ratios of 1.5 and 1.1, respectively-in one high-quality study (Amarasingham et al., 2010) . In a low-quality study, living with family was positively associated with readmission (Hamner & Ellison, 2005) .
Health beliefs including knowledge of health and health services appear to be little studied. Low knowledge concerning dietary sodium substantially increased the risk of 90-day HF readmission in one medium-quality study (Kollipara et al., 2008) with an effect size of 5.0 although the confidence interval is very large (1.3, 19.0). In a separate high-quality study, low acculturation to U.S. society increased the risk of 30-day all-cause readmission (Peterson et al., 2012) with an adjusted odds ratio of 1.7.
Individual Enabling Factors: Financing and Organization. Individual enabling factors also appear to be understudied with no article reporting statistically significant findings for enabling "organization" factors in the Andersen framework (e.g., whether the person has a usual source of care or transportation to medical services, travel time to services) Income is reported in only one study where VA system patients with a low income were more likely than others to be readmitted (Muus et al., 2010) . Health insurance (i.e., Medicare or Medicaid) increased the risk of readmission in three studies (Amarasingham et al., 2010; Coffey et al., 2012; Hamner & Ellison, 2005) . Medicare and Medicaid insurance also are partial indicators of older patient age and limited financial assets, respectively.
Individual Need Factors: Prior Health Care Utilization and Index Stay Characteristics. The number of recent hospital admissions before the index stay consistently increased the risk of readmission after the index-stay regardless of the length of follow-up (Amarasingham et al., 2010; Harjai, Thompson, Turgut, & Shah, 2001; Krumholz et al., 1997; Krumholz et al., 2000; Hummel, Katrapati, Gillespie, DeFranco, & Koelling, 2014) . The largest effects were reported in one high-quality study of Michigan Medicare beneficiaries (Hummel et al., 2014) . The risk of 30-day all-cause readmission was much higher, relative to that of individuals with no recent prior admission, for persons with 1 prior admission (adjusted odds ratio of 4.7) or 2+ prior admissions (adjusted odds ratio of 6.5). In addition, patients admitted via the emergency room (Amarasingham et al., 2010; Hamner & Ellison, 2005) or who were transferred to the index hospital (Eastwood et al., 2014) had higher readmission rates with adjusted odds ratios ranging from 1.2 to 1.4. The length of the index hospital stay increased the risk of readmission in most studies Hockenberry, Burgess, Glasgow, Vaughan-Sarrazin, & Kaboli, 2013; Howie-Esquivel & Dracup, 2008; Jenghua & Jedsadayanmata, 2011; Krumholz et al., 1997; Muus et al., 2010) with effect sizes, with rounding, ranging from 1.0 to 1.4. The one exception is a medium-quality study where a length of stay more than 30 days reduced the risk of 7-day readmission with an adjusted odds ratio of 0.7 (Eastwood et al., 2014) .
Individual Need Factors: Comorbidities and Other Clinical Factors.
A diagnosis of HF prior to the index stay consistently increased the risk of readmission with effect sizes of 1.3 or less in three studies (Keenan et al., 2008; Krumholz et al., 2000; Lindenauer et al., 2013) but greater than 2.0 in two others (Hummel et al., 2014; Kossovsky et al., 2000) . More severe HF also increased the risk of readmission (Armola & Topp, 2001; Coffey et al., 2012; Logeart et al., 2004) with effect sizes greater than 2.0 for patients with a "low" left ventricular ejection fraction relative to others (Harjai et al., 1999) . The effect of prior cardiac procedures was inconsistent with two studies reporting a reduced risk of readmission among those with a prior coronary artery bypass graft (Keenan et al., 2008; Lindenauer et al., 2013) while another high-quality study reported an increase in readmission risk for those with a history of myocardial revascularization (Kossovsky et al., 2000) . Cardiac "events" during the index stay (e.g., cardiorespiratory failure and shock) slightly increased the risk of readmission in two studies with effect sizes of 1.1 (Keenan et al., 2008; Lindenauer et al., 2013) while cardiac arrest markedly increased the risk of readmission in a third study although the confidence interval around the adjusted odds ratio of 6.7 is very large (1.3, 34.7; Hummel et al., 2014) .
A large number of other cardiac diagnoses and disorders including hypertension, valvular and coronary artery disease, and cardiac arrhythmias were examined in numerous studies and had a consistently positive, although modest, effect on readmission with adjusted odds ratios ranging from 1.1 to 1.3. The same is the case for measures of vascular disease and a diagnosis of diabetes. The one exception is a medium-quality study where cerebrovascular disease was associated with a lower rate of readmission with effect sizes of 0.7 and 0.6 depending on the outcome measure (Eastwood et al., 2014) .
Kidney disease that compromises renal function is common among HF patients and is associated with higher readmission rates in a large number of studies with effect sizes ranging, with rounding, from 1.0 to 1.7. Lung disease also is relatively common among HF patients. Higher rates of readmission were reported among those with chronic obstructive pulmonary disease (Harjai et al., 2001; Hockenberry et al., 2013; Keenan et al., 2008; Lindenauer et al., 2013) , asthma and pneumonia (Keenan et al., 2008; Lindenauer et al., 2013) , pulmonary disease in general (Eastwood et al., 2014; Howie-Esquivel & Dracup, 2007) , pulmonary hypertension (Hamner & Ellison, 2005) , and fibrosis of the lung (Lindenauer et al., 2013) . Most effect sizes were small, no more 1.2, although Harjai et al. (2001) reported effect sizes of 1.9 and 2.2 for chronic obstructive pulmonary disease. The one exception to the very consistent finding that lung diseases raise readmission risk is from a high-quality study where pulmonary disease in general has a small negative effect on readmission (Hockenberry et al., 2013) .
Other infrequently reported conditions that consistently increased the risk of readmission, although in most cases with effect sizes no greater than 1.4, include liver and biliary disease, hematologic disorders, low sodium, fluid and electrolyte disorder, protein-calorie malnutrition, hypothyroidism, cancer, urinary track disorders, skin ulcer, gastrointestinal disorder, peptic ulcer, depression, dementia, psychoses and major psychiatric disorders, and other psychiatric disorders. Index stay delirium had a very large effect on 30-and 90-day all-cause readmission rates with adjusted odds ratios of 4.2 and 3.7, respectively, in a high-quality study conducted in a single facility in New Hampshire (Uthamalingam et al., 2011) .
The results for paralysis diagnoses are conflicting. Two high-quality studies reported a decrease in readmission rate with an adjusted odds ratio of 0.8 in a study by Coffey et al. (2012) and a 15% reduction based on a linear probability model estimated by Hockenberry et al. (2013) . Two other high-quality studies found that paralysis diagnoses very slightly increased the rate of readmission with rounded effect sizes of 1.0 (Keenan et al., 2008; Lindenauer et al., 2013) . Readmission rates were lower for persons with rheumatoid arthritis (Coffey et al., 2012) as well as obesity (Coffey et al., 2012; Hockenberry et al., 2013) . Four low-to medium-quality studies examined different measures of disease burden. All found that greater burden increased the rate of readmission Howie-Esquivel & Dracup, 2007; Krumholz et al., 1997; Roe-Prior, 2004) .
Individual Need Factors: Health Behavior.
A history of refusing health services, nonadherence, or missed appointments increased the risk of readmission (Watson et al., 2011) . Those discharged against medical advice also had a higher risk of readmission in one high-quality study with an adjusted odds ratio of 1.9 (Coffey et al., 2012) and a sharply higher risk in a medium-quality Canadian study with adjusted odds ratios ranging from 3.1 to 4.6 depending on the outcome (Eastwood et al., 2014) . A history of cocaine use (Amarasingham et al., 2010) and other drug (Coffey et al., 2012; Mansi, Shi, Altenburg, Mukoosa, & Huang, 2011) and alcohol abuse (Keenan et al., 2008; Lindenauer et al., 2013 ) also increased readmission rates.
Discussion
Our review of the literature indicates that measures of a patient's need for medical care are widely studied and generally have a consistently positive but relatively small effect on the rate of hospital readmission within 7 to 180 days of index hospital stay discharge. The need measures include a wide range of cardiac disease indicators as well as common HF comorbidities such as diabetes, and kidney and lung disease. The modest effect of these factors, which dominate the explanatory variables included in most statistical models of hospital readmission, is consistent with the relatively weak ability of existing models to predict readmission (Giamouzis et al., 2011) . This is the case regardless of data source with a cleverly designed study comparing HF patient readmission rates estimated using a national sample of hospital clinical records with those estimated using Medicare claims data concluding that the agreement of the models suggests that Medicare claims-based models are surrogates for medical record models (Keenan et al., 2008) . The limits of existing readmission models have important policy implications for their use in public payment systems and suggest that there should be more focus on explanatory factors outside this domain.
Among predisposing factors, demographics are not as consistent in their effect on readmission as need indicators. In particular, studies differ in the effect of patient age on readmission which may be due in part to the exclusion of younger patients in many studies as well as to whether age was analyzed as a continuous or categorical variable. Predisposing factors other than demographics as well as enabling factors are infrequently reported and appear to be understudied. In addition, only a few types of health behaviors are reported but are consistent in their effect with negative behaviors increasing the risk of readmission.
Our review does suggest several possible need measures that should be considered when developing patient-specific interventions. The number of recent prior hospital admissions and a prior diagnosis of HF both raise the probability of readmission. Very large effects are reported for prior admissions in a study of Michigan Medicare beneficiaries (Hummel et al., 2014) and for prior HF diagnosis in a Swiss study (Kossovsky et al., 2000) . Whether they are related (i.e., patients with frequent hospitalizations are being repeatedly admitted for management of decompensated HF) and are capturing otherwise unmeasured disease severity is uncertain but a focus on these factors appears warranted.
Other need characteristics deserving more analysis include delirium, functional limitations, and B-type natriuretic peptide (BNP). Delirium was found to have a relatively large effect on 30-and 90-day all-cause readmission in a recent high-quality study (Uthamalingam et al., 2011) . Results were conflicting for measures of functional limitation (defined as hemiplegia, paraplegia, paralysis, functional disability) based on hospital diagnosis codes. Two studies report a negative effect on readmission (Coffey et al., 2012; Hockenberry et al., 2013) and two report a positive effect (Keenan et al., 2008; Lindenauer et al., 2013) . Diagnosis-based indicators, however, are likely to significantly underreport limitations in physical functioning which typically are strong predictors of health care use and mortality (Alecxih, Shen, Chan, Taylor, & Drabek, 2010; Saliba et al., 2001) . In addition, a biomarker of HF severity (BNP) shows promise in identifying patients at risk for readmission (Logeart et al., 2004) . This is an area of active research and a recent Agency for Healthcare Research and Quality-sponsored review found that BNP was associated with an increased risk of morbidity and mortality among patients with decompensated or chronic stable HF (Balion et al., 2013) .
Our literature review also suggests that health behaviors should be considered when developing patient-specific interventions. Patients discharged against medical advice were at markedly elevated risk of 7-day and 30-day readmission in one mediumquality study (Eastwood et al., 2014) , and a moderately elevated risk of 30-day HF readmission in a national, high-quality study (Coffey et al., 2012) . Indicators of health behavior prior to the index hospital stay (e.g., refusing health services, missed appointments, drug abuse) also raised the probability of readmission (Amarasingham et al., 2010; Coffey et al., 2012; Keenan et al., 2008; Lindenauer et al., 2013; Mansi et al., 2011; Watson et al., 2011) .
The major gap in knowledge about HF patient readmission risk factors is primarily the lack of information about several types of risk factors rather than discrepancies in their effect across studies. Predisposing factors in our conceptual framework include the patient's social network as well as health beliefs (e.g., attitudes and knowledge about health and health services). Little appears to be known about the effect of these factors on the readmission of HF patients although one medium-quality study found that low knowledge about dietary sodium markedly increased the risk of readmission (Kollipara et al., 2008) . Enabling factors in the conceptual framework include health insurance and financial resources as well as individual "organizational" factors such as a regular source of care and a means of transportation to medical care. Enabling factors, in general, appear to be understudied with no article reporting the effect of individual organizational factors. Health behaviors also appear to be potentially important determinants of readmission which have been little studied.
Our review focused on patient factors measured before hospital discharge that are statistically significant predictors of readmission. It is possible that some of the "understudied" factors we identify are frequently studied but fail to achieve significance in models of readmission. The extent of this type of bias is likely to be small, however, since the great majority of studies rely on hospital records or national administrative data (e.g., Medicare files) as their data source. These sources are very unlikely to include standardized measures of the risk factors we identify as understudied (e.g., social networks, health beliefs, individual measures of organization factors, health behaviors). In addition, the large sample size of many of the retrospective studies results in even relatively trivial effect sizes achieving statistical significance. This suggests that few variables that are available in the data sources typically used will be omitted because they are not statistically significant. Our decision to focus solely on statistically significant results, therefore, should introduce little bias in terms of the types of factors deserving more attention in future studies.
In conclusion, our findings underscore the challenge of developing more efficient readmission reduction interventions targeted to specific types of HF patients. The published literature to date primarily focuses on patient need factors with no characteristic assessed prior to index stay discharge standing out as a key contributor to readmission across multiple studies. Perhaps not surprisingly, current successful interventions are "general" in design and may be modified on an ad hoc basis depending on each patient's unique clinical profile (Feltner et al., 2014a (Feltner et al., , 2014b . The vision of patientcentered care, however, calls for evidence that allows patients and their clinicians to prospectively select the most appropriate and effective intervention given the patient's contextual and clinical factors. Advances in this area hold out the promise of both improving the lives of individuals with HF and restraining growth in health expenditures as the number of HF patients increases over the coming decades.
